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A Generalized Inland Fishery Simulator for
Management Biologists
MELVIN W. TAYLOR!
Nebraska Game and Parks Commission
P.O. Box 30370, Lincoln, Nebraska 68503
Abstract
Presently available fishery models are either too simplified or too complicated to be useful to
inland fishery managers. This research was directed toward developing a simplified but realistic
computerized simulator useful to fishery managers. The model developed is basically an age-
class structured simulator with features built in to allow easy but effective use by fishery man-
agers. It includes provisions for input of all important parameters plus provisions for density-
dependent relationships where applicable. Examples of model use are given for a put-and-take
rainbow trout (Salmo gairdneri) fishery and a self-sustaining walleye (Stizostedion vitreum) popu-
lation.
Effective management of fish populations re-
quires synthesis and interpretation of large
quantities of data. Attempts to synthesize exist-
ing data into an interpretable form has led to
the development of mathematical models de-
signed to simulate fish populations. The goal of
most models is to develop an understanding of
a fishery that allows for more effective man-
agement. The dynamic-pool model (Beverton
and Holt 1957) and the surplus-yield model
(Schaefer 1954) provide the basis for most
modeling attempts. These models have been
thoroughly analyzed and many variations of the
basic models were developed (Tester 1953;
Paulik 1969; Schaefer 1968; Tautz et al. 1969;
Pella and Tomlinson 1969; Fox 1970; Francis
1974; Youngs 1976; Schnute 1977; DeAngelis
et al. 1977; Walter 1978). These models have
been used with some success on marine com-
mercial species, but have been less than suc-
cessful when applied to inland fisheries.
Watt (1956) discussed basic fishery models
and presented a model of his own which ap-
pears to be more realistic for inland popula-
tions. However, considerable data and mathe-
matical expertise are required to use it. Zuboy
and Lackey (1975) discussed fishery models and
presented a model for a multi-species centrar-
chid population. Paulik (1969) also discussed
various models and their attributes. Walters
(1969) developed a generalized computer sim-
1 Present address: Federal Land Bank, Ord, Ne-
braska 68862.
ulator which probably is close to being suited
for inland sport fishery work, but it requires
the fitting of growth curves, uses instantaneous
rates, and does not provide for simple manip-
ulation of size limits, seasons, and within-year
periods. Few if any simulations now available
contain density functions and stochastic pro-
cesses for important population parameters.
Simpler models, mathematically speaking,
have been developed by Carlander (1958), Ty-
ler (1974), Orth (1975), and Pollard (1976).
Many investigators have also used simple, un-
computerized models to assess fishery problems
(Patriarche 1968; Latta 1971, 1974; Schneider
1973; Gulish 1975). Since these investigators
performed calculations manually, their models
were necessarily oversimplified. Tyler (1974)
and Orth (1975) used computer simulation
with their models, but Orth's is a single-species,
largemouth bass (Micropterus salmoides) model
and Tyler's is not generalized and properly
equipped to handle many inland fishery prob-
lems.
With so many models available for many
years, it would seem that their use would be
more widespread among state fishery agencies,
the primary management entities for inland
fisheries. This is not true and is likely due to
several factors:
1. The theoretical basis of many models is too
complicated for the average biologist to un-
derstand. Even a field biologist with an
above-average exposure to modeling and
mathematics cannot be expected to utilize
60
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Fn+! = Fn - Fn(u + v) + f(g) + r
FIGURE l.-Diagram of the dynamics of a fish stock (fish
of usable sizes), when there is no fishing and when there
is afishery. (From Ricker 1975)
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Model Development
The simulator developed used information
from several existing models (Walters 1969;
Tyler 1974; Orth 1975; Pollard 1976) plus sev-
eral new techniques. The basic model uses age
classes and difference equations. Similar tech-
niques have been used very successfully for
modelling big game (Gross 1970), mallards
(Walters et al. 1974), and pheasants (Taylor
1978). Carlander (1958) and Orth (1975) also
used this approach.
The model is developed on the basis of Fig.
1 (Ricker 1975). A population Fn , after one
time period, will gain in numbers from recruit-
ment (r), gain in biomass from growth (g) and
lose numbers to natural (v) and fishing (u) mor-
tality. This can be represented by:
age-growth, length-weight, mortality, and
recruitment were to be the basic inputs.
4. It must provide enough mechanisms to al-
low realistic results. This necessarily means
that density mechanisms should be includ-
ed.
5. It must be flexible enough to handle simple
to complex problems in an equally efficient
manner depending upon user needs.
6. Implementation must be simple enough to
encourage use.
where:
Fn+! = numerical population size at the
end of one time period, usually one
year
most of the models presented in the litera-
ture.
2. The models are not suitable for inland fish-
eries due to the data required, the model
form and assumptions, or model output.
Data requirements may exclude inland fish-
eries or the required form may need consid-
erable data manipulation prior to modeling.
The mechanisms of the model are often in-
appropriate for an inland sport fishery.
3. The models are not generalized enough to
be used with a variety of species or waters.
Most of the models are marine-oriented or
species-specific. Generalized models avail-
able for inland fisheries have other deficien-
cies which detract from their usefulness.
4. The models do not include realistic features
such as random environmental factors and
density-dependent functions. Although
many models are mathematically complicat-
ed, their realism is suspect due to omission
of these factors. Inclusion of these factors is
important for the sake of realism even if in
a very simple form.
5. Models that are mathematically simple have
not been computerized in a format usable
by most management agencies. The avail-
able computerized models are not directed
toward the management of inland fisheries.
Several suitable modeling techniques are
available but have not been computerized.
This research was an attempt to bridge the
gap between presently available models, mod-
eling techniques, and the needs of the field bi-
ologist, who should be the primary user of the
model. The objective of this study was to de-
velop a computerized simulator with the follow-
ing characteristics for use by inland freshwater
fish management biologists:
1. The model must be mathematically simple.
Basic construction must be difference equa-
tions with some simple functional relation-
ships. No calculus or instantaneous rates
were to be used.
2. The model must be generalized to handle
any species and a wide variety of simulation
problems such as size limits, seasons, forage
introductions, and supplemental stocking.
3. The model must use data commonly col-
lected from freshwater fisheries, preferably
in the form normally collected without ex-
cessive manipulation. Length-frequency,
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Fn = numerical population size at begin-
ning of time period n
U = expectation of death from fishing
(Ricker 1975) during n
v = expectation of death from natural
causes (Ricker 1975) during n
f(g) = a growth function that adds bio-
mass to remaining members of
population during n
r = number of new recruits added to
population during n
In fishery systems, the basic population pa-
rameters (u, v, r, g) are not necessarily equal
for all age classes. To be more realistic, a model
must include age-specific characteristics. This
can be accomplished by making the calculations
for each age class separately using age-specific
rates as:
Fn+l.i+l = Fni - Fni( Ui + Vi) + f(gi) + r
where i refers to age class, r = 0 when i 7"" 1.
It follows that the total population at time
n + 1 is:
NAGE
Fn+1 = L [Fn+1,i - Fn+l,i(Ui + Vi) + f(gi)] + r
i=l
where NAGE = number of age classes in the
population.
Likewise, sex of the fish often alters the
same parameters. To include sexual differ-
ences, sexes can be handled separately as:
Fn+l.i+l,k = F nik - Fnik(Uik + Vik) + f(gik) + rk
where k refers to sex. The total population Fn+1
is then:
2 NAGE
Fn+1 = L L ([Fnik - Fnik(Uik + Vik)
k=1 i=1
In most fish populations, the critical factors
of mortality, recruitment and growth do not
occur at a constant, linear rate throughout the
year (Ricker 1975), However, many models
make this assumption or a similar simplifying
assumption. In some populations this can cause
significant error in simulation results. Ricker
(975) suggested running the simulation on
shorter time periods, a reasonable approach if
the simulator is constructed to do so easily, Pro-
visions were made in the present model to in-
clude up to 12 periods within the year while
maintaining the year as the basic simulation
period. The number of periods per year and
their length is user-specified to fit the popula-
tion being modelled. Period-specific rates must
be provided. This allows the use of several lin-
ear segments to simulate a non-linear factor. By
the addition of period-specific capability and
adding over periods:
2 NPERNAGE
Fn+1 = L L L ({[Fnikj - Fikj(Uikj + Vikj)
k=l j=] i=1
where NPER is the number of periods in the
year.
This model is simple enough to handle cases
where no age, sex, or period-specific factors are
desired, but flexible enough to handle a rather
complex, more realistic system if the investi-
gator desires. The simulation operates by re-
peatedly solving the equation for the next year's
population. The model is coded in Fortran IV,
G Level, for an IBM 370/158, Optional features
allow use of the program on batch mode sys-
tems or on the IBM Conversational Monitor
System (CMS). A program listing that contains
user documentation, program decks, and com-
plete outputs for all examples presented in this
paper is available from the author.
Several density-dependent relationships de-
scribed above require user-supplied coeffi-
cients. These can be determined from empirical
data using regression analysis where suitable
data are available. In other instances, coeffi-
cients can be estimated from knowledge of the
population and then adjusted where needed
when fine-tuning the simulation.
Each of the basic parameters used in the
model and their characteristics are discussed
below.
Growth
Average growth for the population is calcu-
lated from a vector of lengths-at-age (millime-
ters) such as is normally back-calculated from
a sample of aged fish. The model assumes the
given lengths to be averages for the population
being modelled. They are used to calculate rel-
ative growth as a function of length, All fish in
the given age class are assumed to be the same
length. Weight (grams) at length is calculated
from a weight-length regression for which the
user supplies the coefficients. If the multiple
period-per-year option is used, the user must
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FIGURE 2.~ensity-dependentrelationship between popu-
lation biomass and proportion vfaverage grvwth attained
at that biomass.
specify the proportion of total annual growth
that occurs in each period. Within a period,
growth is assumed to occur in a linear fashion.
If this assumption is invalid, the interval should
be further divided.
It is common knowledge that fish growth var-
ies as a function of fish density and other en-
vironmental variables such as interspecific com-
petition, habitat changes, water temperature,
and others. In the model, provisions are made
for the user to supply a density-dependent
growth function, if desired. The model pro-
vides a function of the form described by Ta-
deusz and LeCren (1967) and Tyler (1974). It
assumes that growth is a decaying exponential
function of biomass present (Fig. 2):
PG = AGRO· e-BGRO'TW
where: PG = proportion of normal
growth achieved with given
biomass; should equal one
at average population
density.
TW = total biomass of population
in kg.
AGRO, BGRO = user-supplied coefficients.
(If AGRO = 1 and BGRO = 0, no density func-
tion is applied.)
The user can also provide his own density func-
tion by replacing some FORTRAN statements
as long as the end result is a factor that repre-
sents the proportion of normal growth (PG)
which will be attained under the density con-
FIGURE 3.~ensity-dependent relationship between the
biomass of the simulated population and the proportion
ofthe average expectation ofnatural death that is applied.
ditions present. In most populations, growth
also varies as a function of several other, often
unmeasurable factors such as variations in food
supply, interspecific competition, and weather.
However, it is often possible to determine the
average growth and the annual variability as-
sociated with it. This estimate of variability can
be used to supply the standard deviation for a
random-number generator which provides a
stochastic number with a mean of one and a
standard deviation supplied by the user. This
value is multiplied by PG to create realistic, ran-
dom fluctuations in growth, the magnitude of
which is controlled by the user-supplied stan-
dard deviation. In the absence of specific data,
this approach is an appropriate way to include
random effects of unmeasured factors and pro-
duce realistic results.
Natural mortality
Natural mortality (v) is represented in the
model by expectation of natural death (Ricker
1975), which is the proportion of a given pop-
ulation present at the beginning of the period
that dies from natural causes during the period.
This is the simplest and perhaps most realistic
expression of natural mortality (Ricker 1975).
Average natural mortality rates that occur un-
der average density and environmental factors
are specified by the user for each age class, sex
and period that is desired in the model.
A density-dependent mortality function (Fig.
3) is provided in the form:
EGSURV'" ASRV· e-BSRV ·TW
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FIGURE 4.-Relationship between weight of individual fe-
males and number of eggs produced (valid only for ma-
ture females with weight> 0).
VF = AMOR + BMOR· TW
where: VF = proportion of average mor-
tality rate to be applied with
a given density. VF = 1
when density is at average
level.
AMOR, BMOR = user-supplied coefficients.
AMOR = 1 and BMOR = 0 when no density
dependence is desired.
The user can, if desired, replace the function
provided by minor program changes as long as
the VF generated specifies the proportion of
average natural mortality that is applied under
existing density conditions.
A randomization process is applied to VF in
a manner similar to that in the growth function.
A random normal deviate with a mean of one
and a user-supplied standard deviation is gen-
erated and used as a multiplier. The natural
mortality applied is ultimately calculated as:
VCAL = VF·REAL·v
where: VCAL = applied natural mortality.
REAL = normal random deviate with
mean of one and user speci-
fied standard deviation.
This provides for variation in natural mortality
with a magnitude specified by the user.
Recruitment
Recruits, whether vulnerable to the fishery or
not, are assumed to enter the population at the
FIGURE 5.-Density-dependent relationship between the
biomass of simulated population and the survival of eggs
from spawning to start of next simulated year.
beginning of the first year after they are
spawned. The number recruited is calculated
from the number of eggs spawned and an as-
sociated survival to the beginning of the follow-
ing year. The number of eggs available from
each mature female is calculated from a fecun-
dity-weight regression (Fig. 4) of the form:
EGGS = AREC + BREC' W
where: EGGS = number of eggs from female
of weight W.
W = weight of female in grams.
AREC, BREC = user-supplied coefficients.
Other methods or functions for calculating
eggs per female can also be used with minor
program modifications. Total available eggs is
found by summing the production of all ma-
ture females. Survival of the eggs is calculated
from a density function and the application of
a random factor. The model contains the den-
sity function (Fig. 5):
EGSURV = ASRV'e-BSRVoTW
where: EGSURV = proportion of total eggs
surviving to beginning of
next year.
ASRV, BSRV = user-supplied coefficients.
Other functions can be used by simple modi-
fication of the program. EGSURV is then mul-
tiplied by a random deviate with a standard
deviation furnished by the user to obtain the
ultimate survival rate.
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TABLE I.-Summary showing average characteristics ofthe
walleye population in Lake McConaughy over 30 simu-
lated years, no size limit. Values are on a basis of100 hec-
tares.
Model input and output
The minimum model input consists of:
I) Basic control parameters such as number of
years to run, year at start, number of age
classes, and other easily supplied parame-
ters.
2) Initial age structure or the number in each
age class at the start of simulation.
3) The average length at age for the popula-
tion.
4) Weight-length regression coefficients.
5) Natural and fishing mortality rates.
Additional input can be provided as the com-
plexity of the system increases. These inputs
3) Minimum length limit
4) Window limit, minimum-maximum length,
fish inside range
In instances where fish grow into or out of a
legal size during a modelling period, the fish is
assumed to be of legal size for the entire period
if its average length during the period was of
legal size.
Total catch is obtained by multiplying the ex-
ploitation rate (u) by the population of legal-
size fish available in the open season. Yield (kg)
is calculated by summing, over age classes, the
number in the catch and multiplying by the av-
erage weight of individual fish in the period.
The average weight is assumed to be the mean
of the weights at the beginning and end of the
period. The number of fish caught and re-
leased is calculated by multiplying u by the
number of fish of size vulnerable to anglers but
sublegal, out of season or unacceptable to an-
glers. Total catch plus number caught and re-
leased would equal catch without special regu-
lations. A user-supplied hooking mortality is
applied to all fish caught and released.
Provisions also are made for the user to in-
clude stocked recruits and their associated sur-
vival to the beginning of the next year which is
added to the natural recruitment. Recruitment
is then calculated from:
R = EGSURV·EGGS + STOCK'STSURV
where: R = total recruits to age 1.
EGSURV = survival rate from eggs to be-
ginning of next year.
STOCK = number of young-of-the-year
stocked.
STSURV = survival rate of stocked fish to
January 1.
A sex ratio of I: I is assumed. The model has
the capability to handle natural reproduction,
supplemental stocking, maintenance stocking
or any combination.
The fishery
Although generalized enough to handle
nearly any type of fishery, the model is directed
toward inland sport fisheries. The expectation
of death due to fishing (u) is a user-specified
constant (age, sex and period specific). The
specified rate is assumed to apply under con-
ditions of no size limits, closed seasons, or other
special regulations.
The model provides for a user-specified open
season, one season per year. Opening and clos-
ing dates need not fall at the beginning of a
period. When an opening or closing date falls
within a period, the season is assumed to be
open the entire period if more than half would
have been open; closed for the whole period if
less than half the period was specified to be
open.
The length (millimeters) at which fish first
become vulnerable to the angler can be speci-
fied (AMINSZ). If a fish attains this length in
the middle of a period, the fish is assumed to
be vulnerable for the entire period if its average
length (length at start of period plus length at
end divided by 2) during the period exceeds
AMINSZ. If its average length is less than
AMINSZ, it is not vulnerable at all during the
period.
The model also provides for the application
of four variations of length limits:
1) No limit
2) Slot limit, minimum-maximum length, fish
outside range
Average number of fish in population
Average population biomass (kg)
Average number harvested annually
Average annual yield (kg)
Average weight of fish in creel (kg)
Average number of fish caught
and released annually
3,821
1.126
753
453
0.604
142
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TABLE 2.-Simulation results for a rainbow trout fishery with no density functions, except a variable stocking rate.
Average weight
Number Population Population Catch in Yield of fish in
stocked size biomass (kg) numbers (kg) catch (kg)
10,000 8,560 1,309 4,280 1,894 0.428
30,000 25,679 3,926 12,839 5,683 0.428
50,000 42,798 6,544 21,399 9,471 0.428
include the number of simulation periods per
year, length limits, seasons, density coefficients,
stocking rates, growth patterns, starting dates
of a period, age, sex and period-specific rates
for growth, and fishing and natural mortality.
Model output consists of a listing of input
data and detailed parameter summaries by age,
sex and period. Optional plots are available for
the key population parameters of population
size, biomass, recruitment, natural mortality,
and various parameters of the fishery. For con-
versational computer systems, output tables
and plots are available in 22 line by 80 column
segments for viewing on a cathode-ray tube. A
summary table (Table 1) is generated at the end
of the simulation showing long-term averages
of critical population parameters.
Application of the Model
All known information about a given popu-
lation is assembled and used to develop the re-
quired input for the model. Estimates of un-
known parameters can be used to make the
initial run. Successive simulations are then
made while adjusting appropriate parameters
to produce a model that mimics the real pop-
ulation. This process may seem crude as there
is no statistical procedure involved in obtaining
a "best fit," but it works very well. The proce-
dure has proven to be very effective in mod-
elling big game herds (Gross, personal com-
munication). When the model reflects the real
population as nearly as possible, experimental
simulations then can be made to determine the
effect of various perturbations on the fish pop-
ulation.
Two examples are presented to illustrate the
modeling procedure and show how the model
can be useful to manage a fishery. The first
example deals with a put-and-take rainbow
trout (Salmo gairdneri) fishery, and the second
with a rather complicated, self-sustaining wall-
eye (Stizostedion vitreum) fishery.
Rainbow Trout Population
As a simple example, a lake of 100 hectares
was to be stocked with rainbow trout finger-
lings. Stocking was to take place in late summer
with fish at 50 mm total length. The objective
of modelling the population was to determine
the yields, in both number and size, resulting
from various stocking levels. A natural mortal-
ity rate of 0.40 and an exploitation rate of 0.50
was applied to all ages and both sexes. Growth
rates were taken from the following mean
length-at-age data:
Length (mm) at age
I II III IV V VI VII VIII IX X XI XII XIIIXIV XV
200 400 500 550 600 625 630 635 640 645 650 655 660 665 670
A weight-length equation of W =
0.0000215V·88 , one period per year, and no
density functions were used. No age- and sex-
specific rates were used. Fish were assumed to
TABLE 3.-Results of a rainbow trout simulation with density-dependent growth included.
Average weight
Number Population Population Catch in Yield of fish in
stocked size biomass (kg) numbers (kg) catch (kg)
10,000 8,560 1,309 4,280 1,894 0.428
20,000 17,119 2,617 8,560 3,789 0.428
30,000 25,679 3,730 12,839 5,459 0.411
40,000 34,239 2,706 17,119 4,369 0.247
50,000 61,975 3,475 12,988 3,232 0.246
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FIGURE 6.-Density-dependent growth relationship for hy-
pothetical rainbow trout population.
FIGURE 7.-Density-dependent growth relationship usedfor
simulation of typical western Nebraska walleye popula-
tion.
enter the fishery at a total length of 200 mm.
A survival rate of 0.80 was used from stocking
date to 1 January following stocking. A series
of simulations were made from which yield,
number and size of fish harvested were record-
ed for stocking rates of 10,000-50,000 fish per
year (Table 2).
From the results, it was apparent that the
model predicted a linearly increasing yield with
increased stocking. When the population was
well below carrying capacity, this relationship
TABLE 4.-Length (millimeters) and age frequency of 124
walleyes, Lake McConaughy, 1971.
Length frequency Age frequency
Length Num- Num-
group ber Percent Age ber Percent
175-199 3 2.4 0+ 4 3.2
200-224 0.8 0+
225-249 9 7.3 1+ 56 45.5
250-274 37 30.0 1+
275-299 9 7.3 1+
300-324 2 1.6 1+, II+
325-349 7 5.7 II+ 57 46.3
350-374 20 16.3 II+
375-399 17 13.8 II+
400-424 7 5.7 II+
425-449 5 4.1 II+
450-474 1 0.8 III + or 6 4.9
475-499 2 1.6 older
500-524 0
525-549 3 2.4
was not unreasonable. However, as the stocking
rate approached or exceeded carrying capacity,
growth would decrease and/or mortality would
increase. To illustrate how the simulation could
be made more realistic when stocking exceeded
carrying capacity, a density function for growth
was added. It was assumed that growth would
remain normal until the biomass reached 40 kg/
hectare. Then growth would decrease linearly
until no growth would be achieved at 80 kg/
hectare (Fig. 6). With this function in place, the
simulated results were much more realistic.
Varying the stocking rate resulted in output
that could be used to optimize the stocking rate
to achieve maximum yield, maximize number
of fish harvested, and maximize the size har-
vested or some combination thereof (Table 3).
This is a rather simple example, but it illustrates
a use of the model on simple problems that
would be difficult to solve manually.
Walleye Population
This example details the application of the
model to an actual situation that occurred in
Nebraska. In 1979, considerable pressure was
received from western Nebraska sportsmen to
implement a minimum length limit on walleyes.
Some simple models had been used in previous
years to evaluate the possible effects of various
minimum length limits on walleye populations,
but these models lacked the realism needed to
make sound decisions. In this instance, an ef-
fort was made to produce a more realistic mod-
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TABLE 5.-Mean length (millimeters) at age for walleye in Lake McConaughy, 1964.
Length at age
200
II
360
III
440
IV
500
V
560
VI
620
VII
675
VIII
730
IX
770
X
780
el of a western Nebraska walleye population.
Much of the data used was from Lake Mc-
Conaughy, although the primary population
characteristics are very similar for most waters
in that part of the state.
To construct the model, as much general in-
formation as possible was gathered on walleyes,
and on western Nebraska and Lake Mc-
Conaughy walleye, specifically. Available infor-
mation included length and age frequency
from sampling and creel checks (Table 4),
growth, various creel statistics, and estimates of
survival rates. Based on knowledge of the pat-
terns of growth and exploitation, the year was
divided into four periods for simulation pur-
poses: I January-31 March; I April-15 June;
16 June-31 October; and I November-31 De-
cember.
Growth
The growth of walleyes has been found to
vary little from the long-term average of Lake
McConaughy walleyes (Table 5). Therefore, a
low standard deviation of 0.05 was used in the
growth function to simulate random fluctua-
tions in growth. A density-dependent growth
function was applied (Fig. 7). The density func-
tion was developed solely on the basis of famil-
iarity with the population and data associated
with it. No appropriate density-related growth
data were available.
The following length-weight equation wa~
obtained from empirical data:
W = 0.0000027F19
Field observations indicated 90% of the growth
occurred in 16 June-31 October; 10% in No-
vember and December.
N atuml mortality
An estimate of total annual mortality of 0.55
(Table 6) was calculated from tag returns using
Model I of Brownie et al. (1978). Little was
known about how this value should be divided
between natural and fishing mortality or be-
tween sexes and age classes. Initial guesses were
made for each period and age class. No specific
sex differences were included. These rates were
adjusted where deemed necessary once the
modeling process began. Eventually, the rates
shown in Table 7 were derived and used in the
model as averages. A density-dependent natu-
ral mortality was applied according to the re-
lationship in Fig. 8. A standard deviation of 0.1
was used in the random-number generator to
simulate minimal fluctuations in natural mor-
tality resulting from unknown factors.
Fishing mortality
An intensive creel census was done on Lake
McConaughy in 1977-1978. From this census,
the harvest of walleye was estimated to be 3.42
kg/hectare consisting of 6.25 fish per hectare
that weighed 0.547 kg on the average. Ninety
percent of the harvest occurred primarily in the
spring (I April-15 June) with some in each of
TABLE 5.-Angler returns of tagged walleye, Lake McConaughy. Survival estimates from Brownie et al. (1978).
Year Number caught and released
tagged Number
tagged Year 1961 1962 1963 1964 1965 1966 1967
1961 305 26 16 2 3 1 1 0
1962 479 92 13 11 9 6 0
1963 420 29 26 14 3 0
1964 338 41 10 3 1
1965 379 44 11 2
Mean survival = 0.45 (95% confidence limits 0.39-0.51)
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TABLE 7.-Natural mortality rates (v) used in a walleye
simulation. No sex-specific differences were included.
the other three periods. Little was known of the
standing crop available from which this harvest
was taken. Consequently, exploitation rates
were estimated initially and adjusted to gain
agreement between simulated and observed
characteristics. Average rates used in the final
simulation are shown in Table 8. No sex-spe-
cific differences were used. A hooking mortality
of 0.10 was assumed for all fish caught and re-
leased.
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FIGURE 8.-Density-dependent relationship between natu-
ral mortality rate and total biomass used in simulation of
typical western Nebraska walleye population, 500 'S
TW'S2,000.
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Recruitment
A fecundity equation was derived by aver-
aging two equations from Wolfert (1969). This
equation was used to determine the number of
eggs available from the standing stock:
EGGS = 16.6W1.19
where: EGGS = the number of eggs produced.
W = weight of female in grams.
Survival of young was subjected to a density-
dependent function (Fig. 9). Since little fluc-
tuation was noted in annual recruitment, a low
standard deviation of 0.1 was used in the sto-
chastic function. Parameters were adjusted as
needed to obtain realistic recruitment.
to provide the initial population structure. All
simulations were made on the basis of a lake of
100 hectares to keep numbers in the range that
could be handled by the simulator. Successive
simulations were made while adjusting appro-
priate parameters to provide a realistic repre-
sentation of the population. The closeness of fit
was judged from comparing actual to simulated
data. Final simulation results for a typical year
and long-term averages are shown in Tables 9
and 10, respectively. At this point, the model
was thoroughly tested to gain a feel for its re-
Simulation Results
An estimate of population density of 10 kg/
hectare was made and divided into age groups
TABLE 8.-Exploitation rates (u) used in a walleye simu-
lation. No sex-specific rates were used.
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Age class 500 1000 1500 2000
Period II III IV-X
I January-31 March 0.0 0.0 0.0 0.0
I April-IS June 0.10 0.45 0.35 0.25
16 J une-31 October 0.10 0.15 0.10 0.10
I November-31 December 0.05 0.05 0.05 0.05
Total biomass, kg/100 hectares (TW)
FIGURE 9.-Density-dependent relationship ofjuvenile sur-
vival and total biomass present for simulation of typic.
western Nebraska walleye population.
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TABLE 9.-Results (per 100 hectares) of a typical simulated year for Lake McConaughy walleye, with no size limit.
Age
Year 1984 Total 2 3 4 5 6 7
Number 4,379 2,891 1,096 230 110 32 8 5
Percentage 66 25 5 3 1
Average length (mm)
Males 214 373 453 514 561 608 649
Females 214 373 453 516 574 629 680
Weight (kg) 1,114 213 473 185 133 52 16 13
Percentage 19 42 17 12 5 1 1
Expectation of
natural death 0.44 0.54 0.25 0.28 0.28 0.29 0.29 0.28
Natural deaths 1,943 1,554 279 63 31 9 2 1
Caught/kept 761 77 542 91 35 10 2 2
Exploitation rate 0.17 0.03 0.49 0.39 0.32 0.31 0.31 0.32
Caught/released 194 194
Hooking loss 19 19
Total yield (kg) 443 35 251 77 45 17 5 4
Average weight of fish in creel (kg): D.5S
Age
Year 1984 8 9 10 11 12 13 14 15
Number 5 2
Percentage
Average length (mm)
Males 693 710 721 731 736 741 746 751
Females 734 772 779 791 796 801 806 811
Weight (kg) 18 9 2
Percentage 2 1
Expectation of
natural death 0.28 0.29 0.30
Natural deaths 2 1
Caught/kept 2 1
Exploitation rate 0.31 0.32 0.31
Caught/released
Hooking loss
Total yield (kg) 6 3
action to various perturbations to assure that it
reacted realistically to given situations.
The ultimate objective or'this process was to
evaluate the effect of applying various mini-
TABLE IO.-Long-term averages for important variables
of a simulated population of Lake McConaughy walleye
over a 30-year period with no size limit. Values on a per
100-hectare basis.
Average number of fish in population 3,821
Average population biomass (kg) 1,126
Average number harvested annually 753
Average annual yield (kg) 453
Average weight of fish in creel (kg) 0.604
Average number of fish caught
and released annually 142
mum length limits. A series of simulations was
made to determine the long-term effects of
minimum length limits of 300, 325, 350, 375,
400, 425, and 450 mm. From the results of
these runs, Table 11 was constructed. This in-
formation was provided during the decision-
making process to assess the effect of establish-
ing a minimum length limit.
This example is a more complicated one
showing how this model may be used to address
a fishery problem. Actually, the simulator sim-
ply provides a framework upon which an in-
vestigator can build a model and experiment
with a population. The complexity is controlled
by the user. The framework is simple, flexible,
and easy to use. The applications of such a sys-
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TABLE I I.-Estimated response of the Lake McConaughy walleye population to various length limits.
Population Angler harvest Number/
Length hectare
limit Number/ kg/ Number/ kg/ caught and
(mm) hectare hectare hectare hectare kg/fish released
None 31.7 9.2 6.7 3.8 0.57 1.3
300 31.7 9.2 6.7 3.8 0.57 1.3
325 31.8 9.3 6.6 3.8 0.58 1.4
350 33.4 9.9 6.2 3.8 0.63 2.3
375 37.0 11.7 4.8 3.6 0.79 4.7
400 39.4 12.9 3.6 3.3 0.92 6.7
425 40.1 13.2 3.3 3.1 0.96 7.1
450 45.2 15.2 2.2 2.6 1.21 9.2
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tem are numerous. Regardless of the fishery
problem, if it deals with the dynamics of a pop-
ulation, the model should prove beneficial in
solving it. The illustrations provided here were
for common problems, but other applications
such as supplementary stocking, forage-fish in-
troductions, increased competition, seasons,
habitat improvement, and the effect of power-
plant impingement could be investigated.
To use the model, some time is necessary to
become familiar with its requirements. Addi-
tional time is required to obtain the needed
data, adjust parameters, and do preliminary
trials to make the simulation perform realisti-
cally. Once this point is reached, however,
countless experiments on a population can be
conducted. This method can provide a substan-
tial benefit to the efficient management of
many inland fisheries. At the very least, it pro-
vides the management biologist with an edu-
cational exercise that should provide a better
understanding of a fish population. The sim-
ulation can also be used strictly as an educa-
tional tool for training in population dynamics.
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